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1.PROGRESS THIS PERIOD

Progress this period was accomplished in two sepparate areas, namely hot electron degradation
studies of partially and fully depleted transistors, and DLTS analysis to support gettering studies
of various SOI SIMOX substrates.

The most interesting results on hot carrier degradation are summarized in the attached manuscript
“Mechanisms of Hot-Carrier Induced Degradation of SOI(SIMOX) MOSFET’s”, to be presented at
the forthcoming INFOS'93. Interesting results were also obtained on “Successive Charging/Discharging
of Gate Oxides in SOl MOSFET’s by Sequential Hot Electron Stressing of Front/Back Channel” The
ability to inject hot-holes into the opposite gate oxide may be exploited for designing SOI flash
memory cells with novel back channel-based erasing schemes. Some of the expected advantages
are reduced cell area, improved cell indurance characteristics, and short erase times (see attached
draft).

Regarding DLTS Analysis of gettering effects, following several trial and error experiments. we
have now established the most usefull device structure,a schematic of which is attached on this

report.

Some of our work on SOI MOSFET Physics,dealing with the value of the surface potential
at threshold in fully depleted devices,will appear in the June 1993 issue oflEEE Transactions on
Electron Devices (copy attached), and a full length paper on the mechanisms of our hot carrier
degradation studies is under preparation for IEEE Transactions on Electron Devices.

Two research students are working on the project,Mr Andre Zaleski and Mr. Sinha Shankar.

2.PLANS FOR NEXT PERIOD
(a) Continue the study of hot-carrier degradation mechanisms,and complete a manuscript for

submission to IEEE Trans.on Electron Devices.
{b) Continue the work on accumulation mode, fully depleted devices supplied by IBM and

A

y § compare depletion mode technologies.
;‘ s x (c) Conduct DLTS studies on gettered SOI wafers on devices supplied by NRL.
% :;g
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Mechanisms of Hot-Carrier Induced Degradation of SOI (SIMOX)
MOSFET’s

A. Zaleski*, D.E. loannou?®, G.J. Campisi®, and H.L. Hughes®

®Department of Electrical and Computer Engineering, George Mason University, Fairfax,
VA 22030t

®Naval Research Laboratory, Washington, D.C. 20375

An experimental study of the degradation mechanisms of hot-carrier stressed SOI
(SIMOX) MOSFET’s is carried out. Depending on the applied stress conditions, it is
found that device degradation is mainly caused by electron and hole trapping by intrinsic
and generated oxide traps and/or by generation of interface states. Sequential hot-electron
stressing of the front/back channels results in successive electron/hole injection in the gate
oxides, leading to important insights on the nature of the degradation mechanisms.

1. EXPERIMENTAL

The sample selection and stress conditions were designed to investigate (a) the rela-
tive importance of interface state generation versus oxide charge trapping, (b) the back
channel degradation induced during front channel stressing and vice versa, and (c) the
effects of oxide traps introduced in the drain region by the LDD implants.

Four lots of partially-depleted (PD) and two lots of fuily-depleted (FD) SIMOX tran-
sistors were studied. The SIMOX wafers were prepared by oxygen implantation and
high-temperature annealing in an argon ambient. The buried oxide thickness was 400 nm
and the front gate oxide 15-20 nm. The film thickness and doping were 300 nm and
2x10'" em™3 for the PD and 140 nm and 4x10'® cm™ for the FD transistors. The de-
vices studied were n-channel MOSFET’s which incorporated LDD'’s of varying design and
body ties to the source to reduce the floating body effects. The channel lengths were 0.6,
0.8, 1.0, 1.2 and 1.4 um. el

Suitable bias levels were applied for electron injection (EI) and/or hole injection (HI) j“
conditions in the front channel whereas only EI conditions could be achieved for the back o

channel. In all cases, the opposite channel was kept in accumulation. The degradation was . ., 4
monitored by measuring the static transistor characteristics, and more detailed analysis .- ~J
was made by dynamic transconductance measurements and PISCES simulations. Il
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2. RESULTS

Using dynamic transconductance (1], the entire forbidden gap (from accumulation
through depletion to inversion) can be probed with high sensitivity and resolution by
making the measurement first with the current flowing through the channel next to the
interface under investigation and then through the opposite channel. The required sur-
face potential value is obtained by suitable monitoring of the drain current changes with
the applied biases. For unstressed devices U shaped D;,(E) profiles were obtained with
interface state densities ranging from mid 10! em™? eV~! near the middle of the band
gap to upper 10'? cm~? eV-! near the band edges for both interfaces, for channel lengths
down to 0.6 um (Figure 1). Following stress, D;; increased considerably in the case of the
HI conditions (Figure 1), but remained almost unchanged in the case of EI conditions

Static characteristics of stressed transistors indicated significant charge trapping in
the gate oxides for all cases studied (2|[3](4]. It has not always being easy to distinguish
between interface and oxide charges, and along with dynamic transconductance measure-
ments, extensive PISCES simulations were also conducted. For instance, charges trapped
in the oxide just above/below the drain and channel areas were found by simulations
to affect the transistor characteristics in a fashion similar to the effects of the channel
interface states (Figure 2). Such traps may well be introduced in the spacer layer above
the drain and/or in the buried oxide below the drain during the LDD fabrication process,
and could carelessly be misinterpreted as interface states in the channel.
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Figure 2. Simulated subthreshold slope
vs. negativeinterface charge density and

extent of localization above the channel
near the drain.

Figure 1.Typical D;, vs. energy profile
before and after hot-hole stress (HI).

Figures 3 and 4 show the results of sequential front EI/back EI and front HI/back EI
stressing, respectively. In Figure 3 it is seen that front EI conditions (I, II, IV, VI) degrade
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transistor parameters substantially, which then fully recover during the subsequent back
EI (III, V). This would suggest that the electron trapping occurring in the front gate oxade
during front El is completely compensated by hole trapping during the following back EL
This is also a strong evidence of very efficient hot-hole injection into the interface opposite
to that under stress, which could be used in novel erasing schemes for flash memories '5i.
In Figure 4 it is seen that front HI conditions (I, III, V) cause damage that does not recover
by the hole injection resulting from back EI (II, IV) stressing as far as the subthreshold
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Figure 3. Front channel threshold voltage (a), and subthreshold slope (b) changes during
sequential front/back channel hot-electron stress (EI).
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Figure 4. Front channel threshold voltage (a), and subthreshold slope (b) changes during
sequential front HI/back EI stress.
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slope is concerned. This hole injection, however, causes the front threshold voltage (Fig-
ure 4a) to decrease significantly. This indicates that during front HI stressing, along with
holes, electrons are also injected into the front oxide, and a considerable amount of in-
terface states are generated. More detailed analysis of the time rates of the degradation
characteristics in Figure 3 provides evidence of a two-step degradation process, consisting
of oxide trap creation followed by oxide trap filling.

3. CONCLUSIONS

The main conclusions can be summarized as follows: (i) the main cause of degrada-
tion is oxide charges trapped by intrinsic and/or induced oxide traps. However, dynamic
transconductance measurements produced evidence of significant interface state gener-
ation in some cases, under HI conditions. Additional support for this conclusion was
obtained by numerical simulations as well as from the nature of the degradation ob-
served during sequential front/back gate stressing; (ii) charges trapped in the oxide just
above/below the drain were found by PISCES simulations to affect the transistor charac-
teristics in a fashion commonly attributed to the channel interface states; (iii) stressing
one channel under EI/HI conditions results in hot-hole injection into the opposite channel
and provides a good criterion to separate the processes of charge trapping and interface
state generation; (iv) this possibility to inject hot-holes into the opposite channel may be
utilized to design back-channel-based erasing schemes for flash memories.
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Abstract

Hot-hole injection into the opposite channel of SOl MOSFET's under hot-electron stress is
reported. Sequential front/back channel hot-electron stressing results in successive hot-electron; hole
injection, causing the threshold voltage to increase and decrease accordingly. The ability to inject
hot-holes into the opposite gate oxide, may be exploited for designing SOT flash memory cells with
novel, back-channel-based erasing schemes. Some of the expected advantages are reduced cell area.

improved cell endurance characteristics, and short erase times.




1. Introduction

As progress is being continuously made on various SOI technologies there is much current interest
on studies aimed at exploiting the unique properties exhibited by MOSFET devices made by these
technologies for VLSI applications [1]. Especially important in this regard is the ability to bias
the front and the back gate independently, and the interaction of these two gates. This interaction
may, {or example, take the form of electrostatic coupling in fully-depleted devices and affect the

observed threshold voltage {2}, subthreshold swing [3}[4], and transconductance [4]. It may also

result 12 decradation of a channel during hnt carrier stressing of the opposite channel. However,
cpinion varies as to whew.er the opposite channel sustains actual damage, or it appears to be
degraded through electrostatic coupling [5][6]{7](8](9]. The purpose of this letter is to demonstrate
that stressing one channel can in fact inject charges into the other channel,and to point out that

this could have important device applications, such as write/erase schemes for flash memories, for

instance {10].

2. Experimental

In this work, both partially depleted (PD) and fully depleted (FD) SOI MOSFET's, fabricated
on high temperature annealed SIMOX wafers were investigated. The buried oxide thickness was
400 nm and the front gate oxide 15-20 nm. The film thickness and doping were 300 nm and
2% 10'7 ¢cm~3 for the PD and 140 nm and 4x10'® cm~? for the FD transistors. The devices studied
were n-channel MOSFET’s which incorporated LDD’s of varying design and body ties to the source
to reduce the floating body effects. The channel length varied from 0.6 to 1.4 pm.

The channels were sequentially stressed under hot-electron injection conditions, while the op-
posite channel was kept in accumulation. The transistor static characteristics were monitored with
an HP4145B parameter analyzer throughout the stressing by briefly interrupting to take the mea-

surement.

3. Results and Discussion

Figures 1 and 2 show results obtained for a 0.8 um channel length PD device, which was

sequentially stressed for two hours under front channel hot-electron injection conditions (FEI),




followed by two hours of back channel hot-electron injection conditions (BE!I), and repeating the
cycle for a total of twenty eight hours. During the front channel stress Jhe source was grounded,
the drain voltage was Vp=8 V. the front gate voltage was Vg, =8 V, and the back gate voltage was
Vg2=-20 V, to keep the back interface accumulated. For the back channel the corresponding values
were Vp=T7.5V, Vg =-2 V, and Vg5y=75 V.

Figure 1 shows the front channel static characteristics at the beginning of the third stress cycle
(i.e. following BEI), in the middle of the cycle (i.e. following FEI), and at the end of the cvcle (i e.
following BEI). It is seen that FEI degrade the characteristics substantially, which then recover fully
during the subsequent BEI. This would suggest that the electron trapping occurring in the front
gate oxide during FEI is completely compensated by hole trapping during the foilowing BEI stress.
This is seen more clearly in Fig.2(a) and (b), where the front and back threshold voltage Vr; and
Vr, variations (normalized to the corresponding values for the unstressed transistor) are plotted
with time throughout the entire stress duration. During the first FEI electron trapping in the front
gate oxide causes Vr, to quickly increase by more than 60% of its pre-stress value (Fig.2(a}). During
the BEI stressing which immediately follows, Vr, drops quickly back to its initial value. In the
cycles that follow, V1, increases during FEI to a value slightly higher than the previous maximum,
and decreases during BEI down to a value slightly higher than the previous minimum, such that the
difference Vrimae - VTimin remains constant. The situation is similar for the back channel, where
Vr2 increases during BEI and decreases during FEI. The results shown above are typical of both
PD as well as FD devices, in the sense that similar threshold vcltage variations with time were
observed.

The hot-holes injected into the opposite gate oxide are generated by impact ionization in the
channel under stress, and in bulk devices they would normally contribute to the substrate current
[11]. In the present structures however, due to the short distance, they can reach the opposite
interface and move into the dioxide, aided by the favorably directed electric field It should be
noted at this point that the gate voltage used to keep the opposite channel accumulated was small
enough not to cause electron detrapping, which was verified by additional experiments. Also. the

full recovery of the transistor characteristics at the end of each stress cycle (Fig.1), suggests that




no interface state generation is involved.

This ability to inject hot holes into the opposite gate oxide has ar important mmplication for
a potential device application. More specifically, it could be utilized for designing a SOI based
flash memory cell, with a back channel based erasing scheme. Erasing by hot-hole injection from
the back interface does not involve large electric fields across the front gate oxide or along the
front channel, and this should improve the cell endurance characteristics. If front channel electron
injection (FEI) is used to program the cell, the holes during the (BEI based) erase cycle will be
directed towards the region where the electrons were injected during programming. This should
improve the erasing efficiency, shorten the erase time, reduce the possibility of over-erasure, and
eliminate uncompensated front oxide electron trapping. Because of the "built-in” nature of the
erase scheme, the cell area should be reduced. An apparent disadvantage of the cell would be the
large back gate voltage values. This, however, is less significant if FD transistors and thinner back
gate oxides are used. SIMOX buried oxides of thickness down to 100 nm, for example, are expected

to become available in the near future {12].

4. Conclusions

Successive hot-electron/hole injection in the gate and buried oxides of SOl MOSFET's is achieved
by sequential hot-electron stressing of front/back channel. Hot-eieciron injection increases ‘hie
threshold voltage of the corresponding channel substantially, and the subsequent hot-hole injection
brings the threshold voltage back to its original value. This possibility to inject hot-holes into the

opposite channel can be utilized to design SOI-based flash memory cells with novel erasing schemes.
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Figure captions

rig 1 Static Ip vs. Vg, characteristics of a ).8 um channel length PD transistor. at the
beginning, middle. and the end of the third stress cycle, following hot-electron stressing of the back.

front and back channel, respectively. Vp=01 V. and V5;=-20 V.

Fig 2: Front {a)and back (b) threshold voltages, normalized to their prestress values. throughou:

the duration of stress (seven stress cycles) for the same device as in Fig.1.
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Surface Potential at Threshold in Thin-Film
| SOI MOSFET’s

Baquer Mazhari and Dimitris E. loannou, Member, IEEE

Abstract—The usual condition for threshold in bulk MOS-
FET's. of equal rates of change with gate voltage of the inver-
sion and buik charges, is suitably modified to describe thresh-
old in fully depieted SOI MOSFET's. Using this modified
condition the value of the surface potentiai at threshold in fully
depieted transistors is obtained analytically in terms of device
dimensions, film doping level, and applied voitages. The resuits
are in excetlent agreement with one-dimensional numerical
simuiations, and it is shown that the surface potential at thresh-
old may differ significanily from 2¢,, the vaiue conventionally
assumed.

I. INTRODUCTION

NTEREST in ultra-thin. fully depleted (FD) silicon-

on-insulator (SOI) MOSFET's has been growing re-
cently at a rapid rate. as their many unique properies are
being increasingly recognized (1], [2]. The silicon film
(typically less than 100 nm) is fully depleted of free car-
riers duning the operation of these devices. This leads to
a strong electnical coupling of the two interfaces and re-
sults in interesting behavior of the threshold voltage {3].
the subthreshoid current [4], {5]. and the transconduct-
ance [5] characteristics. It also leads to challenging prob-
lems regarding electrical characterization of the bulk of
the film {6]. {7] ¢ \d the interfaces [8].

In this paper w: consider further the threshold voitage
of these transistor: and in particular the vaiue of the sur-
face potential at thshold. Following the early work of
Brown [9], Linder | 9], and others [11], [12] it has been
widely accepted to d. 'ine the threshold voltage of relaxed
geometry bulk MOSI'ET's as the gate voitage at which
the surface potential ic 2d,, where ¢ is the buik Fermi
potential. Subsequent work [13], [14] re-enforced this def-
inition, and although depanures (sometimes serious) from
25 are observed {15}, this value continues to serve ana-
lytical studies of butk MOSFET’s quite well (16], [17].
Following bulk silicon practice, the same 2@ value of the
surface potential at threshold has been assumed to be true
for SOl MOSFET s as well [3] and is used widely in the
literature {2]. However, sertous problems with this as-
sumption have been identified (18], [19] in thin-film SOI

Manuscnpt received July 5. 1992: revised January 5. 1993, This work
was supported by DNA under ONR Grant NOOD14-91-J-1441. The review
of this paper was arranged by Associate Editor D. A. Antoniadis.
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MOSFETs. As the trend in SOI technology continues to
be towards such thin-film devices [1]. {2}, i 1s impornant
to take a closer look at the value cof surface potenuai at
threshold and re-examine the above assumption.

II. Basic MopeL

For bulk MOSFET's. the use of 2¢ as surface poten-
tial implies that the threshold voitage corresponds to a
condition where the gate voltage modulates the inversion
(Q,) and depletion (Qp) charges equally, i.e.. the inver-
sion (C, = dQ,/de¢,) and depietion (Cp = dQp,/ do,) ca-
pacuances are equal [11], [12]

d. _ 40 "

do, Jdo,
Noting [11] that near threshold the depietion charge Qp
= ¢,E,. where £, is the electric field at the §i~SiO» inter-
face. the threshold condition can be written in a more gen-
eral form as

dE,
C = 6,21;:. ()

This expression is more appropriate for thin-film SOI
MOSFET’s where the silicon film gets fully depleted at
gate voltages lower than the corresponding bulk threshoid
voltage, and the depletion charge remains constant at a
value determined by the film thickness and doping. The
electric field E,, at the front Si-Si0. interface, however,
changes with the gate voltage and it can be easily shown
that for a fully depleted silicon film

— Ao, —~ Ad,

AE“ - Is,

Cm: Aé«,! )
R et (3)
Cd + Con Is,
where ¢,, and @,, are the potentials at the front and buned
Si-Si0, interfaces. respectively, g, the film thickness. C,

i = ¢,/1s; the film capacitance. and C,,; the capacitance of

the buried oxide. Using (2) and (3), the threshold condi-

tion can thus be wntien as

C, - Cde2

B €Y
Cy + Con

The inversion charge density can be expressed in terms
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of usuai parameters as

1s

oo
4 S.ll

Differenuating this equation with respect to o,,, the in-
version capacitance can be expressed as

3

|

dr |
Q. exp (Bd’)d—o de. (5)

=9

<

‘

exp (B¢r3) ?
ErZ /\

G

' Cs + Cou

= q
"v4 ( Erl

(6)

where £, 1s the eiectric field at the back interface. The
surtace potenual and electric field at the buned interface
<an be expressed as

Esl Erl - ;q'NJSi

s

(N

Dy =

q :
D5 - ExltS: + :’—E- :V‘IS|' (8)

=Ly

Subsututing (6)-(8) in (4), the surface potental at thresh-
old can now be expressed as

'/ CdCox.‘. E
, kT 1 Ci+ Con
Qg = Op + —inn - ) (9
q qn./
where
C \ E,
f=1- (C -e—dC ) ’
e it Eﬁ - GZNJS:
exp i = B( Byt = =& N i
P 51 Isi %€ "V4t5c (10)

and (by using the Gauss's law at the front and the back
intertace and letting ¥, be the backgaie voitage)
Ce + Coxz>‘

(I +
(n

Fig. | compares the surface potential determined from
the analytical model (i.e., (9)) with 2é, and the resuits
obtained from a one-dimensional (1D) numerical solution
of the Poisson equation {20] for different doping levels
and Vg = —1 V. Typical values of 1,,, = 250 A. oy =
5000 A. and t5; = 500 A were assumed. Numerically,
the threshold voltage and the corresponding surface po-
tential were obtained as in [19] by applying the linear ex-
trapolation method to Q, versus ¥, characteristics in
strong inversion. It is seen from this figure that the surface
potenuial obtained from the analytical model tracks the
numerically determined values very well but with an al-
most constant negative offset of 0.11 V.

Cq

E, = CCrir &, — Vo . gN,ts;
Cd + Coy.l € 25,

» ee—
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Fig. |. Yanauon of surface powenual at threshold (¢ ,}) with the nim dop-
ing (N, ). Curve g was obtained for surtace potential of 2@,. cutve & wag
obtainea from the anaivtical modei (93, ang the circics denote the numer-
iwcally determined values. Back-gate voitage was ¥ = ~1 V The front.
gate oxide. sihicon film. and buned oxide tnicknesses were 250. S00. ana

5000 A . respectiveiy.

[II. MoDEL REFINEMENT aAnD DisCUSSION

The discrepancy of 0.11 V in surface potenual obtained
from the anaivtical and numencal model implies that the
threshold condition descnbed bv (4) 1s closer to sub-
threshold regime than inversion. {1 will now be argueg
that an estimate of proximitv of the device to strong in-
version can be obtained by computing the parameter

1 dQ,

Con JVG! A

This parameter has a value of zero deep in the subthresh-
old region and unity 1n strong inversion. For the threshold
condition descnbed by (4), a can be determined as toi-

lows: application of Gauss's law at the front Si-5i0- in-
terface gives

a =

AV(’] e A¢.1

€ox . - E,AE,; = AQI (‘:)
’oxl
or
AQ, AE., ,
AVg = - €, - Ao, {13
o Coﬂ COII ’
and substutuung £,, from (3)
AQ Cdcml :
AVg = =— + Ad,, | | + = SENEEY
“ Coxl ! { ('fnl (C1 + Con:))

Noting that a¢,, = AQ,/C and substituting (4) in the
above expression. a can be expressed as

I do, CiCou
Co Vg1 2C,Cou + CousCs + Cony Conz’
For #,,, = 250 A, 15, = 5000 A andt5, = 500 A, a =

0.0238 is obtained. suggesung that the threshold condi-
tion described by (4) occurs wetl into the subthreshold

(15

- region. Since o varies from 0 o | as the transistor moves

from the deep subthreshold regime to stong inversion.
one might seek to define threshold to be the gate voltage

© at which @ = 0.5. Physically, this represents the onset of

lineanity in the charge control relationship. This can be
understood from the fact that in the subthreshold region.




Ve

i

the charge control relationship is exponential and

|1}

€,AE,
AVG! 'E_l + Ad,,

oxi

while, in strong inversion, the charge control is linear and

av,, = 20
ox}

When both the linear and nonlinear contributions in the
charge control law are equal

20, _ eE,
Cm.l Coxl

From (13) and (16), it is easily seen that this condition

corresponds to o = 0.5. On substituting (3) in (16), the

new threshold condition and the comesponding surface
potential can be written as

+ Ady, . (16)

Cdcml
= oy 17
G C, + Cu Coxi an
CdCon
,_¢+gn Cs + Co
T T g an.f
kT Coxl(cd + Con)}
+—inyl + —= 1 (18)
q { Cdcon

Equation (18) adds only a fixed offset to the expression
for surface potential derived earlier (see (9)). It is inter-
esting to note at this point that the condition a = 0.5 can
be shown to lead to the deftnition of threshold introduced
by McKitterick and Caviglia [19]: with the symbols hav-
ing their usual meanings, constant mobility and &« = 0.5,
one can write

dQ, 1
Ve (threshold) = 3 Coxt (19
do, 1w
¥y, 29 —u—V,
v Yoy (threshold) = SET Cox (20)
w
—-————L (threshold) = L (W C ) (21)
Ve s 2dvg \PL P ) !
dID
facd . = Ve .
dVa. (threshoid) 3 @Ver —~—— (large V) (22)

The last equation is identical to [19, eq. (14)] which
McKitterick and Caviglia used to define threshold, and it
is thus seen that the physical basis of that rather arbitrarily
introduced definition [19] is the same as the one used here,
i.e., equal linear and nonlinear contributions in the charge
control law. Fig. 2 shows a comparison of surface poten-
tial obtained from the new definition of threshold and nu-

b,

00\ (V)

05 o JOR JO
,ou I0..’ ]ol.
N_fem %

Fig. 2. Vanation of surface potenuial at threshold (¢),) with the film dop-
ing (N,). Curve a comesponds to surtace potential of 2g,. curve b was
obtained from the improved analyucal model (18), and the circies denote
the numencally determined values. ¥ and device dimensions same as n
Fig. 1.
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Fig. 3. Vanauon of surface potenual at threshold (#,) with the film dop-
ing (V,). Curves b and c. corresponding to back-gate voltages of ~ | and
~ 15 V. respectively, were obtained using the analytical model (24) with
a = 0.63. Curve a corresponds o surface potential of 2@, while the circles
and squares denote the numencally determined values. Device dimensions
same as 10 Fig. |.

merically calculated values. The agreement is very good
but there still remains an offset of about 14 mV.

To examine this remaining offset further, the numen-
cally obtained Q;(Vg, ) plots were used to evaluate « at
the comresponding threshold voltage (obtained by linear

. extrapolation). It was found that o remained constant at

a = 0.63 to within 2% for front gate oxide thicknesses,
silicon film thicknesses. and doping levels in the range
100-250 A, 500-1500 A, and 10"-10'7 cm™*, respec-
tively. For an arbitrary «, (17) can be generahzed to

23
Cy + Con (23

C = _l-c—’__ (Cm.l +

and the corresponding surface potential can be expressed
as

kT
¢ (@) = ¢'y(a = 0.5) + Lk - (24)
Letting now a = 0.63, Fig. 3 shows the comparison of
the analytical model described by (24) with the numeri-

cally calculated values for Vg = —1 and —15 V. An

- excellent fit is obtained at both the back-gate voltages and

for all doping levels, demonstrating the validity of the

‘ model.

N~ //‘I
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Fig. 4. Vanauon of threshold voltage with the backgate voitage for a film
doping of 10'* cm "' (a) and 10'" cm ™’ (b). Curve a was obiained for sur-
face potenual of 20,. curve b was obtained by using a value of surface
potential obtained from our anaiytical model (24). and the circles represent
the numencaily determined values. Device dimensions same as in Fig. 1.

IV. THRESHOLD VOLTAGE
The expression for threshold voltage can be written as

Vn = Ve + o5(a) + “En

Cov.l
where Vey is the flatband voltage, here taken to be equal
to the work-function difference between the n~ polysili-
con gate and the silicon film. Fig. 4 shows a companson
of the threshold voltage obtained from our model using
= (.63, numerically calculated values, and threshold
voitage determined for surface potential of 2é,. Our
model tracks the threshold voltage very well. There is a
smali offset due to neglect of inversion charge at threshold
in the expression for the electric field £,, at the front in-
terface.

(25)

V. CoONCLUSIONS

Analytical expressions for the surface potential at
threshold in fully depleted MOSFET’s have been ob-
tained, which are in excellent agreement with one-dimen-
sional numerical simulations. The value of this potential
depends on device geometry, film doping, and applied
voltages, and may be significantly different than 26y, es-
pecially for lowly doped and thin films. By considering
the interrelationships of various physical quantities of sig-
nificance in the operation of the fully depleted SOI MOS-
FET near threshold, we believe that a better conceptual
understanding of the relevant surface condition of this de-
vice has been achieved. If the mobility changes due to

electric field can be neglected. the above expressions
should lead 10 more accurate threshold voltage values and
intertace state density versus energy profiles in cument
SOI technology development studies. This might be fur-
ther explored by incorporating in the analysis vanous
field-dependent mobility models.
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